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“the determination of ‘the power ‘available from the (uecnston~Chippara 
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+. AJ River and in tne canal, the loss in entrance head at the soreen house, 
the loss in the penstocks and in the Jobnson valves, and in the draft tubes, 
as well as the losses oa the turbines and in the electrical ‘equipment + 

: The dotormination of available power for | & given hytro~elestris development 
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proportion of the discharge available for the (aeenston-Chippawa dower Develop- 
ment is derived. from the terme of an International d4greemente it is probable 
in owr opinion that the quantity of water divertibie from the Niagara River for 
hydro-electric power purposes may be increased in the nezr future by mtual 
gongent of the United States and Canada. We think it probable in view of the 
advantages that would accrue that the elevation of the water surface at which 
‘the diversion my be made will be held more nearly constant, or, indeed, ralzed 
ghove the elevation now generally ebtaining. ‘The Development is also more 
advantageously situated than is usual in having ite tallrace so slesely adjacent 
to Lake Ontarioe these foatures, briefly sunmed up as ; fixed and dependable 
‘slevations | of head water GEG) fe Vs well as definite flow, taken In eon 
Junction, » made ‘the losation of the Queensten-Chippamn Pow ‘Development highly 
advantageous from the viewpoint of hydraulics. 

fhe various pointe are dealt with in the subsequent discussione 

411 of the bydraalic characteristi¢s have been considered by the engineers 
of the Bytve-Rhneteie Powor Commission, and nonnlned records are mpiate wi th 
valuable information in the torn of data and ealeulations, many of mh Soh extend 
into the yoalne of resoarah far beyond the bounds of the reference books on 
rarer Chis Anformtion has been rev Lewod oy Us, the studies of the 
Satake elevations, t tail water elevations po pil losses having been more 7 
yartioularly followed by Yts-Cols De 3. Hilis, Me Ac, duxing many mouths of 
the time he wos a member of our ataff and before he returned to resume his 
duties on the professeriate of queen's University last Octobere He ms omin- 
ently qualified by long experience as a hydraulician te parsue these studies, 
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ey, and on Pelinqwtaning his place he was ‘sacoveded by other competent asbors of 
\. our stage who took up the sbjeot. , 


the. ‘tests on the flow capacity of the Canal and the effioiency or the ~~ 
hydranlia eripnent ware been under the immediate direotion of Sir, H ai Aores 
and Mr. Phose u Ho; 


e of the iyeannl se Department of the Hydra-Electria Power 
Comat ssion, while the ‘testo of the electrical equipmert heve been under the 
direction of ‘Mr, z Be Je Brandon and his iat of the Rleetrical Department 


or ‘the some Comtastons 


Waicen 1 as a hele, the results in the present volun under the general 


title, of Pacer eee tr CORT. after a practically sont imous 
‘study during sixteen months, okly ae the exigencies of the 


situation would permite 


The location of ‘tho Qneonst on-Ohipparea Power Development in relation te 
Lake Erie and Lake Outarie is clearly show on the map ineluded horowith as 
page a while the suoooed ing map on page D<5 shows the relation of the Devel- 
opsent S¥iijprieat 100217. sn voward to the Hiagars Rivers, As these points have 
all been mally covered in Retens biuareedrs farther reference is umnecensarye 


fhe meteorological and other data with reference to the district are very 
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NoTE: 
Miles from junction with Welland River shown—(1) QUEENSTON-CHIPPAWA POWER DEVELOPMENT 


GENERAL DIAGRAM OF DEVELOPMENT 
ae INRELATION TO NIAGARA RIVER 


Scale of Miles Toronto, July 30th, 1923 .Made by¢&. Checked byW7Z 
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if fl ‘comprehensive and extend over & Long: ‘period of tine. in the preliminary 
i studies the engineers of the Hydro-Klectric 2ower Commission availed themselves: 
| ef the resords of the United States lakes Survays as well as the records of the 


‘ various power oo monies operating in the Hlegare: tistntats AS an ujpatraston 


ofthe completeness of the records, two diagrams are enclosed herewith, being 

, pages De? and D-8. these diagrams are reduced reproinetions of the daily 

d records kept by The Ontario Power Compasy from the time their plant Was con 

pleted. the first of these reeoris shows the your 1916, while the segond one 
ig for the year 1921. An examination of these two sheets will show the 

Completeness of the data, that for 1921 moluding the ice conditions in the 

- River Mingera which it was fim td rocords ‘The wind and temporatare 

 pegoras a3 well as the gauge readings make the information very complete, — The 

records of the United States Lukes survey are a0 well known that no further — 


ererense fe neéessary regarding thom. " 


the intake for the Queenst on-Chippaw Fewer Development is located at the . 
coufluenae of. the Welland iver and the Niagere River in what is ‘known as the - 
Chi-pawa ~ Grass felond Pool, a broad stretch in the Siegara River lying vetwoon 
Navy Teland and the rapids leading te Fiagara Ballse The choice of the 
Qhippaws- ~ | Grass teland Pool as a level: for the Antaice of the Meenston- 
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Chippaws lower Development was made after exhaustive studies had been rade of 
the practicability of utilizing as. much as posaible of the total availeble head 
between Luke Erie and lake Ontarioe One of the ressona was that the felland 
liver could be utilised as part of the head works for several miles of its 
length, the natural flow being diverted into the artificial canal lending to 
the power house and the current being reversed from ite natural direction in 
the portion of the elland River between the oem junction and the mouth of 
the Welland River, . | | 

3 _ Owing to the comparatively Lares aise of the nr Grass Teland Pool 
and the way in which it ee over the rapids below it, it may be considered 
as a basin fro which the fatex(z}m 
bed of the rapids leading to Niagara fallge ey 

The elevation of the water surface in this basin is of vital importance 


i oy @ broad-crested weir formed by the 


te: considering the power available at tho Quecnston-Chippawa Power Development 
becmise the elevation of the water in the forebay at the screen house depends 
upon the elevation of the water in the Chippawa - Grass isiund Pool, as well as 
upon the amount of wtor draw through the eansle | 

A number of hydremlio _peeatcongeel are invelyed in the Severna of the 
levels in the pools. it is necessary to dofine the possible Linits be tween which 
oe. elevation of the water warface varies and, a180 to fix the values which are 
mo st 1Akely to oomur theroins  aenee the natural variation of stage, the 
efzect of the diversion of a quantity of water oat of its natural gga over the 


falls iste the power canny most also ve considered, for the reason tint guoh 


oftects will ve not ied not t oniy tn in the 002 itsels, pat also in the stage | of 


| 4, | ywaswoD 8 atonant L matin 
{ Guid) hy? | 22808 nella .% tM nee te 


Ro oban aved het selbute ovidonsixe vette aha ev treeqeLeveG cool eosgytd? 
dod eldalteve lated ef? to eidianog a dosn se paiullida to ytilidaelinasg odd 
hualteWw odd tact wow ancagox edt to oad soledet oxiat bun elvi oval moowted 
ati to bello Leneven weit exter baad edd to Pos oe boallies od Aisoo aevill 
of gniboet lates Isistiifus edt otal betuevih guied welt Lotstan edd ,dogael 
at antéoveth Loudan of) mort howtewes gated tnerum odd bua sand vewoq edd 
to diweu odd toe aobtoant, Lease edt mosrded sovkh Dewliow ed? te nolduog ait 

stovik bualle’ odd 
foot Dewial nsexd ~ amacgytsO edt to oate oyiel yLovidexaquen aft of yatwo 
hoxohianes od yun $2 43h woled abigar ait cove aeguatoelh oi doide ak yaw odt Bea 
ad? yf Beonot slew bedeot-hao # ‘ou duof oda ety stay mort aloes 2 a 
tile svegalt of gatheel eblqax edt to bed 
sonattoget Lativ to af alsed elit at oosbem aeder aig Lo aoltavels edt 
saunyo loved ramet anaqqkitanotasses? ad? ta efdaiteta wowoq edd gulvebianeo at 
nicnquh ossiud apeson ox? te yadorot aft at xetaw aid to woltavele ad¢ ooxosed 
aa Siw aa ,fool baalel esse) = axagyli® odd wl weter odd 20 nodtavele add soqm 
sLanog gsft dyso'ut? mh tedar 20 Jasues edd cog 
of? 20 sctteclenoveb edd xt Levioval ore wowldoug oiivowinyl Yo wedeum A 
dgite meowied stintl oldleseq edt enttebh oF yisswonen at a cigog edt st fever 
oe detde conlar od? ath of cals hus gelray setuun vedwr odd 0 aotdevele edt 
oft ,ogate Yo soltotrev Lowader wit emblesd smloresit a90 o¢ yexll teom | 
adé wove duc Louse a¢f to tao tote to-yelénamp @ to solexvid edd to toorke 
dome tai? moaeox add xo? ,bovablanoe o¢ ovina dem Saune xowog ot ond nite 
we sgntn att at enia tot ,dioutt Leog eat at vito tun heehten sf ike stedtte 


WALTER J. Francis & COMPANY. | 
Copy FoR ENCLOSURE TO ‘Mr. J, Allan Ross. (B-10} 


Lake Erie to a slight degres, 
In studying the variations in stage of the Chippewa - Grass Island Pool 

the elevations were determined from gauge readings taken constantly since 
1902 at or near the highway bridge over the Welland River at Chippawa Village, 
and from other gauge readings at Fort Tay, the Juffalo breax-water lighthouse, 
and at Cleveland. Contimous readings have also been taken from the gouge 
plased near the intake of the plant of The Ontario Power Company. ‘The Port 
Day gauge referred to ie located at the head of the canal of the Magara 
Palle Power Company near Magare Yelle, New York. | 

The Chippewa mauge wae inetalled in 1902 as a steff RAURe, and wae read 
by ‘officials of The poe, 2G" I a about 1915 when it was taken 
over by the Hydro-Zleetric Power Commission of Ontario. During this period 
there are a few gaps when readings were not taken, but these have been filled 
by interpolation from the series of readings taken at the intake of the plant 
of The Ontario Power Company. im Bovember, 1919, a recording gauge was placed 
at Ohippawa, and since that time ite records have been used with the staff 
gaage readings as a check, — | 

"the readings of the Chippawa gauge appear to be reasonably consistent and, 
when combined with the records of the other gauges referred to, give fairly 
reliable evidence as to the stage of the water at Chippem, which may be taken 
as the atage of the Niagara River at that point. , vhf | | 

“By plotting the monthly mean gauge height of the Chippawa rane againat 
the monthly mean of other gauges in this vielnity, the curve on which the points 
186 chows the relation existing between the stage at the two gauging stations 
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chosen. This procedure ts necessary as a check upon the gauges, and algo to 
transfer resdings from one gauging station to another to supply deficiencies 
ana to detect errors. Cross relations have been examined, comparing the — 
Chippawa gauge with the Port Day gauge, the Chippewa gouge with the Buffelo— 
gauge, and the Chippewa gauge with the Cleveland gauge. 


|, Be yower output obtainable st the Geenston-chiprem rover Devolozment 
depends saa the product of the volume of water used and the effective head | 
through which it acts, Th Youfing of Bra ‘physically possible depends upon 
the stage at Chippawa and the hydraulic losses in the canal. The losses in 
turn are fixed with regard to maximum values by the construction of the canal 
Lavert aud by the various elements of gonstruction such ag the intake, and the 
entrance to the penstocks, The net head available deyonds partly upon the 
stage at Chippawa, since upon it depends also the stage at the screen house, 
and partly upon the stage of the Miagera River at the point of discharge, whieh 
in turn is. governed largely by the stage at iake Ontario. It is therefore 
evident that the various oritical values of the water stage in the Chippawa - 
G@raee Island Fool mast be closely studied. ‘The mst important of these values 
ig that of the lowest stage at which the meximam amount of water can be dis- 
oharged into the canal without allowing the water surface in the forebay to be 
velow the minimum level for successful operation, This value for the water 
scarface in the Chippewa ~ Grass Island Fool has been selected by the engineers 
of the Hydre-Electric Power Commission as Zlevation 660.3, referring to the 
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datum of the liydro-Hiectric Power Commissione 

i A carve has been developed based upon the montly mean tages at Chippewa 
showing the percentage of time throughout the period from 1902 to 1921, ine 
eifisive, when the stage in the Chippawa - Grass Island Pool has exeesded any 
ovten value This curve, technically known ae a sierra on qurve" {a shown on 
the Aingren on page Del. On the same sheet a companion "frequency carve" 
is, plotted for the same period, showing the frequenay of each particonlar stage 
between bhe Limits found in the gauge readingne Prom the duration carve it 
wild be seen that the elevation which was selocted aa the minimam for operation 
ocours for about 64 per cente of the time, and apat Blevat ion scuba occurs for 
abort. 50 per cents of the C0 edo en's frequency curve the most frequent 
stage is goen to be at about Hlevation 56008. 

2 he soundness of the decision of the dadineers of the Hydro-Electric 
Power Conmission in select ing Elevation 56005 as the minimam operating stage 

at Chippaws nest be. examined in relation to the ettest of power shortage, if 

any, whieh may wouaks fram ite. | 

| whe determination of the monthly mean water elevations « or stages dees not 
give all the necessary infomation. for @ eimp late hydreulio’ study, for the 
reason that. the. wate r elevations present considerable daily variations from the 
monthly moarie As ay : AMustration of these variations. reference may be made to 


the records for 1916 and 1921, included as pages D-7 ond D-8, which show the 
daily water elevations at Chippewa throughout the two years mant Lonede an 
exomination of this and of other similar diagrams shows olearly the method and 
the extent of the difference of the dally gauge heights from the mean for the | 


yanswo) ® eroman L satsaW 
{&ioik} | SSO ALOA -G » SHEL OT 'BRUZOISNA ROA ¥9OD 


sd cine ae aletpediteersing eite Yer enedat 
sxaggad? $a aeyeva moos Yano oc? ange dened doguLaVeh sined aad aE A 
witi ySARL of SOCL most hoiuveg df dweiuwomts ome? to e_adueowg ald qatwode 
ai Seboenne eel Lo0T dakal evel -amagg hl ate ack egatecedd mac yovtesle 
0 awode Bf “own oo itweah® ana meee lien tokio porns eb eatiey cowky 
| “ovis YORoNponk” sobtagnos 6 toate ene ade nO aSie gpeqg to sarmalb ed? 
egein xalaptiuag doce to youuepett et gatwede ,oobtaq nmin ed? wot battety ak 
. 92 ewane xoldexnd ol? cert saquiiheer ogg odo al deh ae helt ed telah 
io }tateqn “a eusnbelet eed a6 Katonion saw dolar moktowate odd dade sea ‘ed Lie 
“o% Htmmade T6089 woldavalm dad? baa yomis ond Le atte vag HC suede wh wxsmee 
‘vane dion ‘odd ives Seabayenn dda erer” $e etree tog 08 droge 
cae Haibevait frais te ot Ot meDe k ~ 
eiedbol®-onbell ad? Yo exdentpan eds Yo ealelors w@ to seumbawon at 
 egiie aaitwesge eumiate: od? aa BeOA8 woiveveli yeiveoton mh ipewmaniletnts | 
42 sean eide ‘wowog Lo teette ald cd sobdatet at boriowns od team aungaddD Ga 
ett esteal dkeot you dolte thes Hy 


WPT oe Mee 


aks eye gud ut illinlle il 2 | idl Wad “ik Weg 
ad? ooh etoitatuey Ylteb ehisrbidenoe’ dere usotiavele yoter edi Yals Maeeot 
of otate oc Yort onmorakoN aaoktenter endily 20 uoltectantlE ne oh eninee ytd 

oy wile Modi ,Bxt ban Tk aegey ve BebeLoRd , IRE Kits OLEL “wt ainoowr edt 

ath eboneh soem wiser owt ond iwotgrowl? omaggh4® $a exo evate witer yttab 

bas horton eat ufteate eens ummegelh walimte donde wo bap wkd? te mbhteniomee 
Oe a wi eer ten ea hat badd to date oly 


eo" ; a%*: biaioneih t e walt en re oe, 
We ; uk sit ht A biped fy Cty a Ae See eae manele beh eae, uae he 
/ 


Zz 
= 
le 
= 
Y) 
4 
35 
= 
Zz 
< 
<= 
= 
~ 
= 
< 
ud 
~ 
i] 
ut 
uw 
Oo 
< 
Y) 
x= 
= 
<= 
> 
& 
e) 
LL 
a) 
e} 
ag 
wi 
ou 
LL 
°) 
o 
SS 
Zz 
ve) 
i] 
© 
ud 
oO 


(D-13) 


CURVE 


562-0 561-5 561-0 5605 560-0 
STAGE AT CHIPPAWA, MONTHLY MEANS (U.S.L.S. DATUM) 


HyprRo-ELeEctTrRIc INQuIRY COMMISSION 


W. D.GREGORY, CHAIRMAN 


QUEENSTON-CHIPPAWA Power DEVELOPMENT 


STUDY OF CHIPPAWA GAUGE 


Toronto, July 30th,1923. Made by SRW, Checked by 42%. 


WatteR J. FRANCIS & COMPANY 
CONSULTING ENGINEERS 


i 


en ee ea een 


A OE ANGER LD AG AN RT ON ORES SEE I AION PMID RE AEN OB TBs NAG A NN RE SI RE OO A I NGS AI OR TERE NO IMO 


ICON SE AT ON TET RES ETO TL EE 9 tI ER RR RR RN ES THT RO. 


Ae RRR 6Y ener oe he AE RRR A OE RETIN! EWEN RLS TROT ITC aon EE TIEN ERT BA ITS Ne 


Gi ved 1 c RANCIS & ea 
COPY FOR ENCLOSURE TO fir, J, Allan Ross. (D~14 ) 


ips! ch granu s ea ay annem sotnepen tient ieh win ve dey 


month, It will be seen from the diagram that daring the summer months the 
Airterenbe referred to is not very great but that in the spring and fall 
violent ¥inetuations occur, As a vule the greatest fluctuation is that of 
increase in the daily stage above the mean, although the diagram for April, A) 
1918,, shows that sudden decreases in level also oamr, in this cass abgat 1.5 
foots it is apparent that these changes are almost entirely due to the 
influence of wind upon Niagara River and upon Lake Erles — Phe low ateges in 
Mes 100%, and in April, 1918, correspond to nerthgnty ‘winds, while the high 
rater er November and December, 1917, ns well és at othor tines » is found to 
corrcerond to westerly or southwesterly Winds, A case is on record where the 
staze of lake Brie wes Bias €) ipdrelYot Muffelo than at Amherstburg 
a: “4 ine seve storm An ‘whih strong weat erly Winds prevailede 

i mst therefore ne concluded that although the mean monthly stage is 
solibes than Bdevution 560.5 for 84 per cent. of the time, individual days 
will ott ‘her stages below that elevation dne to temporary weather condit longs 
Sach Low. water periods will occur during the time that strong northerly winds 


ave most prevalont, nemely, in the autumm and winter, which is sqiaondant with 


the iwevieat load demands on the plant. 


As elroady: mentioned, 
studies have been made of the ‘yelation of the tulsa gauge to « nunber of 
other gauges nearby. As exmmples of these relations two diagrams have been 


prepared and included herewith as pages D-15 one wea the first of which shows. 


the relation between the Chiprawn gauge and that at the Buffalo prosc-water 
lighthouse, and the second the relation between the chippam gauge ond that at 
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parelee toe, ee 

‘OTe walt Be noted that the datum for the levels given for the Buffalo 
gauge te that of the United States Lakes Survey, while the Ghippave elevations 
are based on the datan of the liydro-Elestric Power, Commi asions ron this 
get it will be sean thet a chang of one foot at ‘entypane is “equivalent to 
"Yn examining the past’ “gonge ar, for Buffalo it was found that the 
monthly mean olevation was as low as Blevation 570.71, in Novemher, 1895, and 
thet in February, 1996, it Zoli to “Levat ion 570,696 By using the gauge 
relat: ion dlapran the corresponding levels at Chippawa are seen to be Blevation 
559.85, In considering the rhs) 7 ee ~ Grass Inland Pool the... 
possibility of the recurrence of thia extreme low water should therefore be. 
borne in minde Further, sllowing for the fact that the daily level might 
roach, 1.5. foet below the monthly mean, it is possible that a miminam level . 
in the pool of Glovation 656035 might egcasionally be expected durixg 2 period 
when the level of the Great lakes fell 88 low as it did in 1695 and 1996, 

a _ Other diagrams were used in the calculations and determinations of the 
levels, for example, a similiar relation was plotted for the Chippawa - Fort 
Dey gauge relations bat is not included hereine From a study of 11 the data 
eratlable it ay be qonehaded that the jevels in the Chippewa « » Grass | Tsiland , 
Pool of be Getormined witht reasonably glose iinits, and. that Elevation 
660.5 ts a proper fleures =i 
. In we, bnivicl Re 3. Tay eBer. Os, made a b spected alee of the level of 
the Catypam - Gress Island Pool under the instrugt long of the lydro-Eiectric 
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Power Coumtsaton of Ontario and submitted two reports of the, abretwolons | 
- resohede These are referred to in "Chapter C, sdvisory Reports”. Considering 


a 


‘ » that: the Chippawa gauge 


: bridge drossing, ant and that the water ponnection botweon . Anis point end the Fool 


was set from the surface of the water oat the highway 


a “ preper One by way of the northerly side of Hog island when the gauge was get, | 
ww feel. that an elevation several tonths of a foot’ highor than that ghosen by 
Br. Lea ts justified from the single fact that, the hoonnorion of the Welland 

> River with the Magara is now by way of bay toxthoriy side of Hog Esland, - 


| P the water elevation at Chippewa 


= with ‘the discharge of the biigart rves have beon prepared by plotting 
the monthly mean disaharge of tho xiver aguinst the monthly mean gauge heights. 
S ato Chippewas The discharge of the, Siegara River is’ conputed from gauge read- | 
ings on the United States faces Barvey gauges at. the head of the Wlagara River: 
© and the eauge levels relating to the various aiesicenes Hiave beon transferred 

rat 2 tec ‘the dhtppawa paige resatnee On page D-19 a series of six lines is shown 
representing the elation’ ‘patweon the stage at the Chippawa geuge and the 
discharge of this ‘tagara Rivere It wala be noted that there are five of the 
lines. eroupet tala: ‘of the. five. Lines ei hinnean es the mean relation. for the 
for the year 1919, when 1: the Arce show that piroal terest baTtN) to raise the 
Chippawa stage about 0.5 feet and that during the following yeor it regained _ 
its ordinary roginens It seems Likely that this temporary ghange in elevation’ 
was due to depositing the dredged material from the Yeitand River in the © °°" 
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Fingeva, and that thie waa washed away eubsequently. The line for 1919 can 
probably bo discarded as a permanent records 

The slopes of the eurves show the effeet of diverting the Niagara water out 
of itw antural path into the Welland liver for use in the QueenstonUhippans » 
Power Developments While the lines on the diagrem on pige D-19 ere not all: 
eoincident they are all pravtisally parallel, showing that, regardless of the 
@suse of their non-coincidence, the relation of the increment of discharge to 
the inorement of stage is constant. Sy scaling from the diagrom Itself it is 
‘found that en increase of one foot in the stage at Chippawm is equivalent to 
au increase in the discharge of the river of shout 40,900 cubic feet per 
second, Hense, if 16,200 Grto(rjorfpbe Yooons be diverted from the river by 
the Chippewa Canal, a drop in the level of the pool of about 0.45 feet would 
result, because the reduced quantity of water passing over the Falls would 


require less head or energy to overcome the hydrsnlic resistances 


In passing it may be noted that # fall in level of 0.45 feet at Chippawa 
would produce a change in the level of lake Srie on the omer of 0.07 feet at 
‘low water etages, ‘and less than thie amount at higher stages ‘Of the river. It 
te probable ‘that such & change in the natural regimen of Leke Erie would not ‘be 
‘permissible and that remedial works might be requirod to compensate in level 
‘for the withdrawl of water for the power plants. Such remedial works would be 
designed to rostore the level ‘of ‘the ‘Ohippawa = Grass Island Pool, or to hold 
it at or about ‘its ‘natural level. ‘during low stages ‘of the ‘Fiver, In the 
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prosecution of construction work for the hydro~elevtric plants above the 
Falls, rook spoil was deposited on the river bottom in the region of the 
downstream part of the Chippawa ~ Grass Island Pool, and we are advised that 
this deposit had tho immediate effect of stabilizing the elevation @ the Pool 
to a slight extente We are willing to accept this as a fact, and as a proof 
that remedial works may be so constructed as to procure the desiredeffect 
without detriment and at reasonable cost. The remediel works Would also have 
to be designed to pass the high. wter flow, so.as to prevent floodinge It. 
will probably be necessary to consider the remedial works in connection with 
fature negotiations between Canada and the United States in relation to further 


diversions of water from tie fea fave, 


¥rom the Intake at Chippawa to the Screen House various hydraulic losses 
of head occur, sll tending to reduce the net head available for power prodne~ 
‘sion. “It is therefore necessary to study the magnitude of these losses for the 
several elements of the Canal, and for various discharges of water through it, 
‘all related to the water stage at Chippawa. ‘These losses vary approximately 
‘with the square of the velocity of flow, so that s drop in head of ono foot 
at Chippawa is magnified in the resultant drop at the Sercen House. 
- Phere are two goneral glasses into which the losses may be grouped, one 
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being the loge due to friction on the wetted perimeter, and the other being 
that which is eaused by changes of section and obstructions to weneral flow. 
the former class of losses is found in the stretches of the river and the 
eomal, while the latter oecurs at bridge plers, bends and transition eee- 
tions, as well se st the intake and at the forebay, In this discussion the 
comparatively small losses due to curves in the Canal have not been taken — 
itito account, mor have those due to the restrietion of cross-section due to 
bridge pliers, because the losses are very uncertain and their values are small. 
The principal losses aré considered im detail in the following dleeugsion, the 
caloulations having been made for two different rates of flow of water, namely, 
; pad a.0 o¥ic feet per sesond. ‘These figures 
have been ehosen as representing the probable upper limite of the contimous 


17,000 oubic feet per seco 


maximam flow sapacity of the rock section of the Canal, which 1s the limiting 
featire of the present design. pi | , 


| The present design of intske has provision for the future installation of 
submerged gathering tubes as described elsewhere in detail. It iv not likely 
that these gathering tubes will be necessary until prastically ail of the main 
units will have been installed in the power house, thereby requiring come 
pavatively high velocities of water through the Intake. While the plant is 
operating with less than eight unite in service, the velocities near the Intake 
Will bo so low that 1t 1a probable that fee will not be drawn imate the Canal, 
amd therefore the gathering tubes need not be installed. 
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Assuming thelr necessity to have been demonstrated by service and the 
tubes installed, under adverse conditions of ice and with the full development, 
the sluiceways will be closed, and all the water will pass through the tubes 
from the Niagara River to the Welland River section. The passage of the 
water through the tubes will entail a lose of head due to ite entrance into 
the tubes, a further loss of head due to friction im the tubes, and another 
lose because of the divergence in the discharge ‘seation of the tubese 

The Intake stxactuce mot having been completed when a former desoripiien 
was written, four photographs axe iucjuded herewith as pages 0-24, D-25 and 
D-26, to shew the detaile.e These pictures were taken just before the water wag 
admitted, and the notes of te(=dpvfotiry/ facing pages are fully explanatory. 

it is estimated by Mr. Re De Johnson, Consulting Engineer, iu his repart 
to the lydro-Zlectric Fower Comission under date of March ist, 1929, that the 
loss of head in the type ef intake proposed by him for adoption woul be 0,53 
feet for a flow of 15,300 cuble feet per second. Since the loss varies 
approximately as the square of the discharge, the loss for a discharge of 
18,200 eubie fcet per second would be about 0.76 feet. 

From experiments on a working model made to saale, with a discharge of 
1045 mbic feet per second, the loss of head was found to be 0.77 inchose 
Similarly, with a discharge of 2.14 oubie feet per second the loss ws found 
to be 1663 inches, and for a discharge of 2.55 qubic feet per secon’ the loss 
was 2.26 inches. Using these fisures as = basis and deriving the valme of "¢" 


for the equation q-Ca /Zgi, the quantity being in oubie feet per second, the 
aren being im square feet, und the head being in feet, and considering the 
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Taken December 4th, 1922.4 
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To face page D~25. 


Boe 2 


Photograph showing 


Token December 4th, 1922. 


Note: The upstream end of two of the 
gubmergod tubes, ready for future 
extension upstream, and the inter- 
vening sluiceways and ice booms may 
be sean at completed ready for the 
admission of watere 
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Boe 3 


Photograph showing 


Paken December 4th, 1922. 


Wote: This picture gives the de- 
tail of the downstream ond of 
one of the submerged tubes as 


OE Ss sale | 


faken December 4th, 1922. 


Note: This picture gives the de- 
tail ef the downstream side 
of the three sluiceways end 
ice booms between the sub- 
merged tubede 
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intake as | a gabmerged orifice, ‘a mean value of 1.04 for the coefficient “ai 
is ‘found, Applying ‘this for the full size inteke with the quantity, Malt, P 
ewal to 18.200 pair By feet par. seevnd, the loss is gound to be 1.82 feet, and 
for a aieebares of 15,000 euble feot per second it is 0.92 fect. 

The loess in the completed Intake ¢ as adopted may be computed by considering 
it to be made up of a loss at the entrance estimated at 0.10 Gg if the tube is 
wnceonnce & loss ia friction in the sane and in the sro wrth and a loss in 
divergence in the diffuser. Combining these Losses, the total ‘loss for the 
Intake is found te ancant to 0460 feet for 18,200 cubic tect per second gh 


di soharge, and 0642 feet : is 15000 cuble fost per second. 


‘the ‘loss in the Intake goat ab od iaiy for those periods whe the 


rel are in mee. at such times the Chippawa level would be lowered about 0.5 


feet. 


‘tm computing the flow capsoity and the other hydraulic characteristics 

of ‘the channel through earth, namely, in the Welland River ané in the upper 
part of the Canal, it has been assumed that the bottom width is 160 feet with 
side slopes Of two horizontally to one vertically, Tt should be remembered | 
that the earth section 18 not the governing festor in the design, since almost 
any desired hydraulic characteristics may be obtained within the limits of 
economy by coutimed dredging and carth excavation. Such bettermente may be 
contacted without stopping the plant. “the hydraulic formla used in the oal- 


culations us the we, Hye “atter formia, ve@ fre where thy ts veusetty 
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in feet per second, "ry" the hydraulic redius in feet and “s" in the slope. 
The valao of the- co-efficient "GO" is expressed in terms of "r", | "g? gond oa 
degree af — of the surfeoo over which the water is flowing, any may 


be expressed as follows: 


30, + ae: RRO” MORE AsQhd . 41,65 + 2.0928) 028. 


os 


1 4 (41) 68 + 2220282) 
fF ” 


in wrieh “Q" Ig an abstract number whose value depends only upda the roaghness 
of the qurface. For concrete lined cazals. “n” is token as Netweon 0,011 and — 
0.914, tor elean canals in firm gravel it is 9.020 and for canals and rivers 

in ‘pad drder ond having ‘COP ciph stones ak weeda EO map be law meaahl 
as 04088 or 0.0406 : 

For the earth section of the cane * Mn" is taken as 0.035. 

‘the mex Lent discharge tor which the computations were made is 18,200 audi 
feet per second. Simtier ealoutations for « discharge of 17,090 cubic feet per 
second have. aise deen made. Since neither of these amounts is that for which 
the surface of the water is parallel to the bed of the channel, the Cheay 
equation, of. flow does’ hot apply, andi it was: therefore necessary. to solve the 
surface, carve > step by i in acoordance with the general equation of Flow 
indicated on 1 the diagram on ‘pase DH2s This @iagramslso shows the profile of 
the surface in the Welland River ani earth section of the Canal for the two 
assumed Aissharge rates. a he wosalts of the ‘computations ars shown on the 
alagram whtoh indieates the saurfege slope when ‘the: flow is 17, 00° ouble feet 


per seéond,. rake ahah ib ts 48,200 suble feet per. Seoond, with the slope of | 
the bottom constant at 0.000119. From an emantnation « of this dtagran it. ELL | re 
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GENERAL EQUATION OF FLOW FROM WHICH THE 
ABOVE CURVES WERE PLOTTED: 
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WHERE Ca, 

2 = LENGTH OF CHANNEL 

@ = DeptHwat Enps oF LENGTH “Z" 

q — DISCHARGE 

a = AREAS OF CROSS-SECTION AT ENDS OF LENGTH "2" 
7 = HypDRAULIC RADII FoR END SECTIONS 
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QUEENSTON-CHIPPAWA PowER DEVELOPMENT 


PROFILE OF WATER SURFACE 


IN WELLAND RIVER 
Toronto, July 30th,1923. Made by SRW, Checked bya 
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be seen that for a dopth of, BAY, £7 foet at a given point, the depth is 

2769 fost at another point 29,000 feet farther dowmst ream from the given 
point for a flow of 18,200 suble feet per secon, the oritical Aepth for & 
uniform flow of 18,200 gable teat per second is 2505 foot, being the depth 
for which the surtaoe is paraiiel to the bea or the streams &t any depth 
greater than ayer foot the aarface is flatter, ond pa any less dopth it is 
steoper for r discharge of 18,200 gabic feet per secomie It is thew. fare 
evident from the diagram that the depth of the stream in the Wel land River ani 


in the carth jeekiin of the Canal increases from the Intake towards the rock 


section, or, in other words the eee Ls on a flatter hoy. vg then the bed 
of the Canal. Ci 


The next change in the canal section at which hydraulia losses sust be 
gonsidered ccaurs between tation 69 aud Station 65, canal chainage, where the 
section changes from earth to rocks In caloulating the losses the trensition 
is assumed to be a regular change from the earth orose-section to that of the 
rock section. | it is considered to be payed. or otherwise protected, and for the 
wirposes of somputing friction loss the co-efficient for the Kutter formula is 
taken as 0.055, the same ag for the regilar earth section, Stage relations for 
Rlevat lon 65 as compared with various assumed stages at Station 60 lave been 
determined by the accepted hydraulic fommlae, mt as they are relatively mnall 


they are not included as a separate diagram hereine 
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: Te reek section of ‘the Canal ti the dad: Sestor in the power avail- 
able at the Queenston-Chippawa Power hevelnneyy* because betterments are not 
esonomtoally feasible, and & close study of Ate hydraulic characteristics 
has been made. The computation of the, éarfase curves ‘for a flow ¥ 17,000 
gubic feet per second and of a baer aad gubic feet per second are voen made in 
a maniier simfier- to; thet- desert hed for the earth section of the Gansi and for _ 
the Wolland River. ‘The hyaraudic ‘glemente tor the rook section are shown on 
the diagram included as page D-52, and the results of the computation for the 
surface ourves for the van Sheyeey poe “yt flow are shown on the dlagram 
included as page od The depth of stream is pda verticaliy, ‘and he A 
distance along the ohannel horizontally» the same ae for the earth, section; 
and it will be noted that the characterl stice of the curves are qaite different 
Prox: ‘tiose in the earth seotisns ‘the ‘depth decreasing with bien diatanse, the 
inereasing steepness ‘of. the élope. of the surface sarves as. the ‘i atance inoresses | 
‘socounts for the magnifiod effect of Sue, chase of water eisvation at Chippawa 
on the water elevations ‘ot he Soreen Bouse. An examination of ie surface 
curves | for se flows indicated shows the relation of the deptn ef the stream to 
the abies ‘petwoait ‘any two obosen, pointe.” Per example, with fiow of 18, 200° 
eubie feet per second where the depth of the atrean ic 34 feet, at a point 


20,000 fect farther down the Canal the depth is seen to be 31.5 feet. 


From the rectangular rock section at Station 329250 a transition section 
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AREA OF WATER CHANNEL IN SQUARE FEET 
1,300 1,400 |,500 1,600 1,700 1,800 
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sihinis te Btation ‘sh2e00, ‘tn whien the fons of the» vater channel ‘changes : if 
ie ine rectangular out in the reek to the prapenc {dal seotion of herd oy 
Whdr1pood Seation, Ae Station BABE a similar transi tion seotion leads 
from the trepesoldal fom bask rn the rectangular fom at Station 554400. 

sl ‘The losses through these three sections have been computed in detail 
using the same basis for the transition sections as elready desorbed oF 
that ‘between. Station 60 ‘end Station 6b. Te relation of ‘the seatihe aeh as 
station 3 ‘52660 end at Station 48460 have also deen ‘computed and plotted 
in the Aiagrans, vat for She sake of voethe these details are not inaliuded : 


“COP y™ 


bicetn. ‘88 separate diagrane 


“Wen ‘the ‘water of ‘the Comal reashee the entrance to the Forebay at 

Station 45287 the velocity 1s high and thero 1s cons{deratle kinetic energy 
stored in it, The duty of the Forebay is two-fold. One duty is to discharge 
the water from the narrow rock section of the Canal ceross the five bundred- — 
foot width of the penstock entrances, This duty by itself would not require 
any very special form of forebay, but the other duty required of it necessitates 
a epeeiai forevay design. ‘This second daty is that of redeeming from the moving 
water a¢ moh as possible of its kinetic energy or velocity head ond changing _ 
it back into potential energy or static head. ‘The method of eqcomplishing this 
is to lower the velocity of the water gredually by a corresponding widening of 
the channel. Mile has been done at the Forebay by constructing at its entrance 


@ triangular or wedge shaped mass cof consrete known ag a diffuser. 
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At the Forebay, Share t0x9 » Shere is a loss of head. due to the friction 
loss and to the divergence of the usveen “ny a8 the section of the shannel 
is enlarged, ami there is also @ atenge or & regaining ef the head from the 
ae of velocity head 50 tho static head due to the decrease in the velocity 
of the water. Considering these charges, the relation between the stage of © 
‘the water at the throat, Station 482+07, and at the Screen House has been 
@aloulated from the umal hydraulic formalae, taking into account the fact that 
after the water has passed the diffuser there is still o gertain emai nt or | 
‘veloaity head in it und assuming that one-half of this rosidue is saved in the 
Gotversion to static heade 

In order to We drmai( The (Ty P= ¥ the divergence, experimext al data on 
divergence tubes hat to be used as there are no euch data available fer diver- 
gence loss in open chamels. ‘The experiments of Dr. A. H. Gibson wore used in 
tmking the caloulations, tut a factor of 26 per cent. was used, to be conserva~ 
tive, instead of 19 per cent. deduced from the experiments of Dre Gibson, 

 Ganal tests made daring the past few months have demonstrated the thot 
‘that ‘the caloulated results have beon exncoded, and that about 80 yer cent, of 
the B velesity head has been regained in the Forebaye 


oo » Tye logses due to contraction of the stream at bridge piers, and the lose 
due to curvature at the bends of the Canal have been omitted in the above 


mentioned compatations because they are quite small in mount and becanse there 
are no reliable experimental constants for calculating theme 


| yMaaMed & eonast L satiaW — 
(O8—C} Speot mallh «b stit OF 39UZ01903 ROT YIOD 


anitein edt Of anb Dew! to nael o at smndt ,ucchaxed? «wWerdé alt 4 


Wr kh ! AAS Sate ne an) ve bree BF aes 
taunads eGo Yo aloes ad? 86 wens muOHIS ot Te OBEMyONLD odt of fixe avol 
iss Ges te Qua, AE 


ei} mot ood ot Yo galahagen 4 s0 ogi « ook ut onndt daa sbegunin 4h 
yt Hi AEE, "ae OS Hi 


wile 


Wivetov cid at waxernan ett of ont desi tote eit of bons yttootey to sok 
myer. ‘a ve CD 


te opate odt amortod eltatos at jvegdo omeds qatrabteno® stot at te 
cet oak sh ca ot hn, TrON ann tet tm ween ft, 


’ gal end Make Se 
ted? toc exit smyoona ovat yelXad ,oaiumt oLimedyt Lowa et mee to ne 
Reh MMS Y ug ae 
eae sano attatyeo & {hide si ‘o1ds xeuiteeh eit bowser at vedaw oat beter 
uk Bamana AR Say Bai Eel: SAS 
git ah boven, st oubage aids xe iano sees palvwrena has at as heedl yeeeery 
vy SR ey ee me 
“glued étieds od soterevnea 
gaia. Ta eae oe Lae 
. also at 


ay ated fo mealuagqes ,oomegrevis “ya 3 ody uns ‘of 
amegih «et ef¢eliave ete dowe ox ouc rect aa ewe od of tot evdat eactamrrey hb 
ai Beew evew Hoa’) oi 1A ot te seeombieqee al? stlemudh meqo ak aaok jeaag” 
—eorsniin, 9 oto om oD HO BY, 2 IN te sookseleoing gilt gutstem 
smoad2) «19 to mingcbvage beoube tien Ke OL Yo deoteat sovtd. | 
tedk afd tetaxtauoweh eval, ‘igen ‘wk penny oud nakund bea ateed Lamad 
tO efmmp tieq 03 guage teult Bite ,kebewene apd ova, ef seet botalician sat teat, 


I Sth nt Peto aed ret Mee TLRS Oite 


a Fade 8 ern eee wt ere | > ha ae wx. “ plaid ity Ad ve 
; Batt Sey oS A EO A eS eS 
y “A 


oot att bes jetely ential de mastdd way Yo motteaednes 64 enh euvedt edt °°" 
eyed odd ad Medeten aoed oved fem? ad7't6 whe’ Bid ta etxterine oF onh 


ae m t bes ‘ bs 


Bare < gif 
wr Lue ad 4 


WactTer J. Francis & ComPANy. 
Copy FOR ENCLOSURE TO ‘Mr. J. Allan Ross. 


(D=36 } 


_, , By maing the complete series of ealculations and diagrams referred to here~ 
in showing the varions losses occurring in the water channel from Chippawa to 
the Sercen House, it is possible to determine the elevation of the water sarface 
at the Sorems House Gorrespond.ing to any given elevation at Chippass when the 
ischarge ts wv ,000 oubie toot per second, and also 18,200 cubic feet per 

| Per a discharge of a oe yes secoml with the stage at Chippawa 
taken as Slevation 661.00 just inside the Intake, the depth is 26950 feate On 
the diagram showing the surface curve in the earth section, Lf a distanse rep- 
eseuting 27,000 feet be measured off, Station 60+00 on the Cemml, the ond of 

the earth section, is reached, and the depth is found te be 30.10 feet at that 

pointe ‘Similarly, using the galoulations for the stage at Station 65, the ele- 
vation is found to be 5787, corresponding te 559059 for the stage et Station 
69700, and the depth at Station 66+00 is 36.04 fost. Zo fini the stage at Yta~ 
tion 529+50 the ‘diagram for the surfece curve in the rock section is used, and 
trom the point on the oarve where the depth ic 35.04 feet a horiaontal distance 


of 26,400 fect is measured, where a point is found the depth at which is seen 
to be ed fonts es. the stage at that point Blevation 549039— Using the 
other dingwias and énloilaiions in a similar manner, the stage may be carried on 


dow the ‘Canal to the Sereen iiouse where ‘the skege is ‘aeak merevion 16.906 


"Waing the ‘abovs Sokheke 6 diaqvnee has bean plotted iowine the relation 
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of the water stages at Chippaws and at the Sorcen House for & flow of 17 9299 
euble foot per second, and of 15,200 eubie feet por second, ‘This diagram is 
inoluded as page D-38 and from it the relation of the stage at Chippewa with 
tat at the Sereen House may be found. For example, when the stage at Chippewa 
is at Blevation $60.25, the stage at the Sereen House is at Zlevat ion 545 900 
for a flow of 18,200 cable feet per second, while for a flow of 1, 900 cable 
fous per second the stage at the ‘oreon Houge would be about meration 548.006 
Similarly, if the elevation of the water at Chippawa is at any other figure 
between Hlevat ion 559-50 and Elevation 662.00, the etovation of the wat ox at 
eR cereen House enn be found we to atong the horizontal line to the 


rves on pate D8 it As evident that 
we the asl at Chippewa ia at Mlevation 660.00 the variation in the stage | 
at the Seren ‘Tuse is about six. times as mich as. {1% is at Chippawae The dia~ 
gram Ingiuded aS page a8? has been prepared, ‘showing the profile of the water 
chamel from the Ningera River te the Sereen Kouse. On this profile are 
plotted the profiles of the water surface which would result fran the stage 
of the water surface at Chippaws being respectively at Elevations 560,00, 
561.00 and 562409 on the Hydro-Rleatric Power Commission datum, and the dis- 
charge being 18,200 cubic feat per secon. Tho three lines illustrate the 


imereased. ‘slope in the: Loyal reerirag yh the rook Sees as the say decressége 


Six separate flow tests in the Canal mace during July, 1925, using standard 


automatic recording float gauges with the flow ranging vetwean 6,000 amd 7,000 . 
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STAGE AT THE SCREEN HOUSE (H.E.AC. DATUM) 
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cubic feet per secomi, gave results which when applied for a flow of 15,000 
gable feet per second were practically an absolute check on the above 

: “galoulationse Considering that it is known that the concrete floor of the 
Canal is littered with rock opoil and silt colleation as a remit of construc - 
tion operations subsequent to the filling of the Canal with water in December, 
1921, and that the assumed condition of a clean conerete floor has not yet bem 
attained, it woald appear that the estimated flow capacity of the Cannl will 
be exceeded under normal completed working conditions. The figures of the 

| derived results of the tests are given in the table on page D-tl, 


COPY 


A study has been made to determine the effect of sarge on the water sure 


 feee in the Canale 

The general theory of the surge produced by the sudden closing down of the 
‘plant may be desorlbed as follows: The plant is assumed to be drawing 18,200 
gable feet of water per second, and to be in normal operatione The load is 


suddenly thrown off, and tho gates of the turbines are close@de The phenomena 


to be expected are as follows,~ The down-woming water in the Yorebay would 
first tend to rise up against the upstream wall of the Sereen House substruc~ 
ture, davntiin “geiche", or fresh water tide, due to the conversion of velocity 
head into static head. The down-cowing water in the Canal would tend to 
acowmlate agairet the former seiche and a wave would result which would travel 


ap the Canale If the relative velooity of the wave and of the current of the 
water in the Canal is greater than,/gh, where “h" is the depth of the Canal, 
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Discharge during tests, cubic foot por secOnd «sssseneeeeerereceneenaeer a 


Friction head from Station 21534 to Station 452000, feet «sssseseewacess r 
Depth at Station SID, Pyabergersgas qeesrereeeeraersneeseneerenaeen enn : 
Depth at Station 45200, re CD Bees ates mat 0 
gruivalent friction head, in foot, in rock gestion, Station 65+00 4 


to Station 452400 for the seme depths as above and for a dis- j 
eharge of 10,900 cuble feet per SOCOM sosoncerennreeerentennere teeeenel 


Increase in velocity head, in feot, from dtation 65600 to Station 402+00 » 
Total fall of water surface in rock sestion, in 20Gb we-ss+apeseeronesesedl 
Assumed Blevation at begincing of rock section, Station 65400 nn 
Calculated Klevation of weter @urface ah Station 452400 sesssscccenweees al 
Rise of water surface in Porebay, in fect, due to regovery of velocity hea 
Resultant elevation of water surface at Soreen NOUSG +esseeeevereeseeneee d 


i) 


Wa ter J. Francis & ComPANY. 
Cory FoRENCLOSUME TO lr. J. Allan Rosse 


(De42 } 


| Zest 6 
ay 3 zat oy ‘Path duly 28th 
Bigs Sa8O 10000 to 10.60 


; 64228 svcvese OyR2B esscsee Ggl06 penvscee 6020 cadvove 64010 sevecee ByFO5 
Seth ves gene } 1.12 one ee ee ‘2,018 sok ea ae 16887 eeeee 16857 irae ee 1-016 


F 


' S2eR2 coe Bite S200 Pes O84 sivcccas G1e98 vevewve Ball ovesvee Bleb2 


Re can nine B65 seoeses &.92(.). fre. ¥.7s steven 86086 saveens $6085 


LB Ode oneseee BBeLB oovnene MeRS evereeee 16956 versere AEpPe saneeey MOF 


' LeB2 sovcene LeBT oe eneee BeBB seoeeres LeGA covevns LeOd eooernw 1687 
« LB6BE. vosevis 17008. wonesee 1608S eowereee L70B0 vo eeves L70BO asesene 17005 
BBGeRD wore ee SEG0RS eon nee 556023 eee oar SSG085 ssongee BOGead een ee 856085 
BBDCET anne cw BIVLB weveee G00 oancene BBGs9B cornee BSG09S oorees 559018 
| BaeTO wnceee  BeOB wavene, BeBG ap so nee, Ret sevene Reh? oeenwe Bebe 


642015 wave ne BARCO9 woreee D4R0DG ov osese BAGO cownee BbLeBO oonane bAhe 0D 


ee \ . SRS new ere ¥ — 
oe RNAS haat dacibe ds ya mak gta ae SRE anor 0 
\ aoe Soh sets Gs Sa oh ee * ‘ee “at ihe Wasco cH 


bis0s of Bats 6Bs8 ‘ a a ie a ' eae ete oe 


ere ees aioe 


= 


Nom i i! \ + bu oie: 
SENAY revo sititlie adi hays Cea PG 4 alstns ay OR RL tS MT any? ia ane dalla ‘hee eee 


GOR, A ae ot & “ee 
wee 2 a sot BN sean BBB atta 
Onet 2m 
Src REE, corse: RAE naneva 


ee as 
eae’: © REE a adn ain 8856 wegte ten s eae - BR wenn 
Hebel. rey Feng 4 


| geek ea, a 
ti K cr RO AUN : 


i a 


tegen et ee ae ae A a 
ioe ie . ube ey iat, ‘edie kid _— yenigp me aseo0 oe v, 


. Tet 


ek oe et veeg be Fok! am aN + Ofsa. 
BR anon a tap hy nd tons ear 
~ ko » 
dah ib stmt nt i. Pee a of vase Br sna 


hole SRadBha nam h-Wonr en 
. eat A sane . ‘wn am a ree ) 
he a ai? Stach Oe catia 


“geen ss 


| Wacter J. Francis & Company. 


Copy FOR ENCLOSURE TO Mr. J, Allan Ross. (Dad & ) 


te wave will be of the standing type, bat will in reality have its gront 
moving up the Cunsle The downe soning water in the Canal will contime to 


a 


‘sooumlate against the wave and tend to ait ita levels | Considering these 
phienonens, it is seen that two conditions arise which mast be in harmony, 
Ramely, that the velocity of the wive oreat in an upstream Aireotion mast be 
gurfiotont for the down-soming water to £111 up the wedge of the a 
Suneath the crest of the wave and the former surface of the stream, and that 
the velocity of this wave must agree with that found for a standing wave of 
such w height that the relative velécit ty bf the ‘stream and the wave ls nade up 
of the velocity of- the wave itself added to the velocity of the water in the 


atrouns COPY 

A ale have plotted & diagrom showing the marge aatten Hs the Canal 4 d the 
hasaned sondit fonee ‘the diagram is included as page D435. 

' ve the diagram will be oobi a sketch iljustrating the theory from which 
the equations for the surge resulting from a complete shut down have been 
derivods ice i | 
= In es Sliustrative sak, dtagron are rene the factors in ae form 
wnton enter into the computat Longe Assuming that in the time "t" from the 
deetek of sint down the wve has ‘reashed & position "A", and that it is “<n 
in height, with the rate of Aisahsrpe' in sche Cina. ge, then in the time "¢" 
the total discharge is “a™ x "t™e This mist equal the mass of the water shown 
above the Line representing the slope under normal flow contitions, for which 
the volume is as follows, myn being the width of the dasa, in fest, and "A" 


being the ares of the Forabay: nonely 413,000 square ‘tect, eA boing | in secon, 
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MAXIMUM ELEVATION REACHEQ BY WATER IN CANAL 569-27 
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"EZ" being in feat, and “q" being in aublo feet per second: 
qaxt= =(b1 x) + “(givitys{a (eet a} ~ (4 Am) 
In thie expression "s", 91" end "SX" are variables, so, differentiating 
ms melons with regard to "t" as an independent ‘variable, we get 
. Des (122 O) o(or2a) +(e a) (azar) e (za) 
‘Solving for , since ‘this is the velosity of the weve with regard to 
& bea of the channel we fina that | 


as: g=-ibi ¢ A) dt + (Equation 1.) 
at bz + ibl + Ai | 


di 4 ag we eal “e" the relative velocity of the wave front with regard to 
‘the we water iu sauiee ) streniny nee velocity, we have 
} v2 ~ 4 p beats Be) 

The expreseion for the height "X" of a standing wave in a strean of 
depth "h" and where the velooity of the wave with regard to the water is "v 
is as follows: “ Try ! 


Re m= has (Equation 3.) 


pipes 
\) @fherefore, by assuming a value of X, and thus determining from Bquations 
1 and 2 a value of "vy", Equation 3 is used for a test and check to see if the 
assumed value of "2" is correct. Trial ond error methods met be used for the 
solution of these equations, tut, while tedious, they are accurate. 

> ° Whe general formilae underlying the computations have been applied to 

the aseumed cage, and the following table has been prepared showing the offect 


of the surge at various points on the Canal, 
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trletio we shaw Lo ° ontigple ef Sange Produced 


PELE % 


Flow siut off = 18,200 cuble feet per second 
Water Stage at Chippawa = Flevation 662.00 


Station SOU ie EE EO  $B4+00 252687 162487 $600 66400 
Mlevation sereseoeseeones 548.09 £51.60 553.63 569.29 568.66 560.67 
Depth SR eeveesesosnvese| 33.96 $4077) 35628 BB,82 36022 31.28 
Water eh A WD ceseee Uel@ 10092 10.75 10.86 10.46 - 

Slope it WET LCL PERL Lk @ «00029 6000278 000275. 2000271 
Length = i SOS eT Heese 0 9,887 20,000 30,000 38 4800 

Surge height = SX sevssses 12420 © 10.50 Feld ) %e%6 60% 
Surge velocity seerunaves $1.07 50.60 29.60 29.00 27.52 


teeter 


fine = 7 WreTTir yer bianas B25 waa 855 840 «Sha 
Relative velocity, surge 

to water — V sscossees 42.25 41.12 9 39 £6 37.98 ~ 
dx / GE sonsesvevnseoners wal 00554 oF 200594 ~ 0 


Cheok of % by Ege BS eases 12.80 10,70 aig 7.90 6.50 
Wievation of sarge. csivve BOD.89 pols IK 3 : 52,75 864.07 $65.27. 


ooo (wom the above figures and the diagram on D-43 it is seen that the surge 


sterts, at the entranee of the Parebay'e where it is 12.20 feet in height, and 
rel to he veginaing of the rock seotion of the Canal at Station 65-00 where 
me surge is remoed te 6672 feet in heights At this point the water eurtace 
te at Alevation 565.27 or 5.27 foot above the stage at ohippemas | 

Si As the wave enters she transition section the relative wah abate of the 
wave and the wator is romood velow the oritical value and the comparatively 
steep way @ form breaks down into a eng fiat swell or slope when the water which 
hes accumiated in the Canal rans wnt into the river section. Following this, 
a weve of dgyreagion or rather of gubsidence rans back down the Canal towards 
the Forebays 

The first steop wave tekes about 22 minates to travel the distame of 

38,800 feet betwoon tne Porebay and the beginning of the rock section, In the 
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analysis the change in the form of the water channel at the Whirlpool wis not 
gonsidered, as the effect in my case would be sinetad ‘and the caloulations 
would be eset apeagniage® Ma ca 


 wevere conditions assumed, the surge effect would likely raise the water sur- 


~ fect above the Chippawa level. As it is unlikely that a 
complete shut down may ever goour quickly, it may he stated that the effect in 
practice will be. to ) produce such smaller. surges than that, described shovee. 


"RS Levels Of the Water suFfnde of Lake Ontario have boon observed for 
— 908% at certain places and by various authoritiese ‘the nearest gauge to 
Shippawa Power Development ‘te nt Oswego, New York, where reliable 
‘imidus récérda are available for all years sivice 1960, under the United 
States lakes Surveye 
@ the Ea by the Hyarovklé otric Fowor Commission at the 
tdilrace of the power house and at Queenston docks at 


of this gmmge Rave beon used in o6-relating 


....dm Jamary, 1915, the Hydro-Hlectric Powor Commission established a gauge 
at Smeaton"s Cove on the west side of the Hiagara Liver about opposite the 
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northerly end ef the site of the Power Housee Keadings from this gouge are 


& 
we 


C> 


available from February, 1915. ‘This gauge wes moved from time to time between 
 Oatbvers 1918, ami March, 1922, when it was finally Located in the tailrace 
“ Gunenston-Chippene Power Development between Unit No. 1 and Unit Ho, Be 


ae A mage was logated at the Quoonston dock, wei readings are available 
| fron 191%, In duly, 1919, the readings ave given for & registering gaage at 


: In order to determine the relation existing between the staze of the Mingnm 
River at the Power House and algo at Queenston and the stage of Lake Ontario, | 
the readings of the Oswego gauge have been taken as the independent variable, 
| and the synghronous monthly mean readings of the various gouges set up in the 
| der Biegare River have been plotted gorrespondinglye— 

The duration and ew gurves for the Oswego gure are shown on the 
diagram I sti ha. page. Dw y enbracing the period from 1690 to 1920 inola~ 
sive, monthly E@ari heights being. used in alt GAsOSe tn’ the gauge ates ons | 


yveferre’ to herein it should be noted that the levels an all gauges in the 
United States are referred to the United States lakes Survey Datum, while all 


the Canadian gauges are referred to the datum of the Hyaro-Sleatrio power Com 


mission of Gntarloe 
#rom a study of ali the avaliable data a diagram kas been plotted ahowing 
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the relation between the water levels of Lake Ontario at Osworo and those at 
the tailrace of the gneenston-Chi ppawa power plants This Aingran is included 
as page D=5O, and shows the relation by meana of a single line representing a | 


mean tailrace positions 


: ; Tae Peneaeh ey 1 stage at Oswego for the period from 1660 to 1920 inolusive is at 
Levat ion MebeZl, UeSeleie datume Hrom the diagram it is sori ‘that the core 
responding level at the tailrace is “levation 247.06, . HeZePeGs ditume The 
mesh yalue stated by the engi 
wane uded by them is at Elevation 2460700” ‘From the duration carve it is te 


pers of the Hydro-kiectria Power Comission as 


dec seen that the elevation C 1 Bete ie py v than Zlevation 246021 for 70 per 
921s 


cont. of the period from 1 

cd a point be taicen ‘such that for 90 per cent. of the time the level would 
‘sls ,exaned At, te the elevation of the Oswego gauge would be 247610,giving an 
elevation at the tallvace of about 248.20. 


fhe power available at a hydro-electric power plant is a fimetion of the 
head, the flow and the efficienay. It 1s expressed by the equation: 


Horse-power output = Sth 2 OE E's eftictency, wane ia os sm om aman tl 


in which "Q" 4s the total rate of flow in cuble feet per eacond and “H" 1s the... 
Oe Avie GF WATED STAGES 


| 


i. ee me merce ae Ot Tor Line hr. a 


| yuagmod 8 eromaad .L aatsuaW 
_ (det) 2208 melfA .t otf OT anveOJOMA AOA YIOD ; 


de prods bmp ogewnO te ofiedn? oiad to efevel coda odd mooted nolialen edt 
Sellers 22 eermeld aft? otmely tewog away it -cotempany alt to eostliad edt 
B gquiteweougey sell elacta « to ewe y moltafes aid ewode bun ,0G-C egeay oa 

mol sieog eootiled mae 


au ef evinsfant G8¢f of O2BL soxt holxeq odd tok onewel fo egeda meen eff 

re geld dad? meee 22 24 aermath ade novi sdurdal oGedelied .f8ed08 aoidaveld 
ost emusiah sOeleKall 00609 nodvevolil af onoxitet edt ta Level gudmoqnes 

ga sobeelesod vavo% oitioaiingn ig edt to axesetigas edd yi Setase onlay sage 
ot ef 32 ovine seldaunh ads movd 0TeidS moidaveld ge at modd yw beaw galed 


seq OF ugk [led0o no ftove Li madd ~y A-5e) oh NEN od saad 980 10d 
mort bolieg odt to «tmoe 


Riso Level wit ent? eid to .taeo veg 08 aot dad’ dows menlad od tulog a 21 
ite geivig ,8L.S of Binwe ease ogews ent to moddavelo odd ,ok beeoxe tom 
e08,802 toode to oomuliat ad? ts aeltevele 


SS ee ee ee ee 


q | 
a 


odd te solver a ef tealq semq oluvente-orlys o a eldaliaws wowng on? 
imotespo ot? yf beavetaxe a2 9E .yortelol¥te edt bua walt edd dood 
| ewnstotiio x RRL EASA = tnchim cewoq-oe roll 
} 
odd af *H" tne hoooes toq dock ofdem wl wolt to ete Latod ad? af "0" dolde ot 


eS 


ae ee 


STAGE. AT CHIPPAWA (H.E.P.C. DATUM) 


964 


563 


562 


561 


560 


570 57| S72 


(D-50 ) 


573 
STAGE AT BUFFALO (U.S.L.S. DATUM) 


Hypro-ELectric INQuiRY COMMISSION 


W. D.GREGORY, CHAIRMAN 


QUEENSTON-CHIPPAWA PowER DEVELOPMENT 


RELATION OF WATER STAGES 


AT BUFFALO AND CHIPPAWA 
Toronto, July30th, 1923. Made by#2Checked by2" 


Wa cter J. FRANCIS & COMPANY 
CONSULTING ENGINEERS 


‘ hint nee 


WALTER J. Francis & COMPANY. 


Copy FOR ENCLOSURE TO Mr. J, Alden Ross. (D 61) 


effective head in feet. 

pool the ousenstoniOhippawe plant. tests have demonstrated, that over a wide 
Pee * output ‘the combined or ‘overall eftiotenoy of voth the hydraulie aud | 
slestaié: denanté of the duiewetixe plant is over 90 per cent. so that in this 
ms the eleotrioal lant ped on tyach at the ARGOOED AN bas bare is ation to 
0.2022 x ox ‘Hy in when ton ia the total flew: in oubie feet per second and “mm 
ts ane ditzerence din Level between the surface of the water iu the ) forebay at 
we Sereen House and the moan 1 Tove 2 ™ ‘the takcnetie ithe teste are referred to 
‘ater 1m detent. © +e 
a order to determine the electrical heree-power output of the cusenston- 
Chiprewa Plant for a peehralee R a eS of the water at the Screen 
House mst either be moseured, or eploulated by the methods already desaribed, 
‘and the’ eorresponding level of the tallrace observed, or calculated from the 
‘@lagrans of the tallrace meuge relations. ‘The difference between these eleva- 
‘ions gives the effective head to be applied in the above-mentioned equation. 

"Pew the available date we have prepared a table of the mean monthly 

‘Plestrtesl Horwespower output avatiabdle at the site from 1860. to 1907, end a 
-@lagrem showing this output 12 included as page D-55. The table is as followss 
iat Wiese | Table of dean Hontniy 2 Power dato’ Avalledie 
pee ones fet 1860 - 1907 
_ Effect~ 


Toor "REESE" eaclesce ive Flew esteloal 
ci HLE.PC. | - “Head hag organo ys seid 


Jan. a6 i 245.58 560.52 ee 246.21 296.54 18,200 654,700 
Web) BP2.08 6 24566B 660649 544.68 246652. 296.27 18,200. 8545200 
Var, 572.22 245.91 660.60 645.20 246.67 298.53 18,200 684,700 
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fable of Mean Monthly Power Output available 
1860 = 1907 (Cont immed} 


B os Monthiy Readings Effeat~ 
Gieveiand Sones Ghippah- ‘fone failrace ive Flow ile otrtoat 
Month | pA ara nay goers nay leBaPaCe gree ahrigg Cofete "avaliawe | 


Apre — B7ReT0 26049 «= 560087 = het =A 2BH «299005 18,200 555,800 
May 875.05 246082 561.08 B47%018 247079 299.39 16,200 656,200 
June = BYE 4PL—7AG9K B61 018)---BA7 47 “RETSOE 299.82°°15,200) 586,500 
Valy: B75.22 M6095 861.15 G47.55 247093 299042 18,200 556,500 
AaB 5,05 .04 246,65 $6106 47610 «RA7ABS 299.52 18,200 556,500 
‘Bept. SYZ.%8 | 246022 560.90 546056 247008 299.48 18,200 556,500 
Hote B2,45 245.88 550.75 646,10 245563 299,47 16,200 856,300 
“Hove S7Z.21 2A5063 560.60 545el8 246028 298.90 16,200 555,500 
‘Dece 872514 AA5eB7 = 560.55 = 48S «=A G018 «298670 16,200 886,000 


kt) wall be noted that C. say R Ae is lower in the months of 
Be! Jamary, Yobraary and March, with the minizmm in Yebruarye During 
these four mane also the presence of ice ie the upper river may necessitate 
the use of the vetoed gathering tubes for part of the time. With the tubes 
in operat ton the level at Chippawa will probably be lowered by «boat 0.5 feet, 
producing a rednetion in the power oatput not shown in the table. ‘his decrease 
in level at Chippawa would react on the level at the sereon house, lowering the 
level at that point by five or six times the decrease at Chippawa, and resulting 
in a:net. decrease in-head of about three feet, making the outpat about one per 
sent. less for the sume flows 

4 study has been made of the records available from 1910 to 1916 inolusive 
to determine the averace mumber of days in each yeae whee pbaldy vebanenal tee ny 


be expected in the upper river. It would appear tron the Spires tat tt would | 
be necessary to use the gathering tubes for an average. pf about 28 days per your ry 
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when the full eapactty 0 of - the @enal is being used. ‘The greatest demand for the é : 
protection af forded by the submerged intake would occur in Apri during’ the: | 
spring vrosk-up, and the next: “Rreatest in Jamary and vebsbary | wake tee, ie : 
forming in the river. ‘The sere for 1910 to 1916 Ine lu sive are shown tm the 
following table: 


Sable of Days of Flow of Field Ice 


a ae _ Ysio" “sat “isiz eg ela 19151926 
December 6 Oo. ) ) 7 0 2 
Jamary | _. % - io ® py 4) 8 é oi 
February «6b 45 10 8 ” 2 13 
March 10 : 1 0 é 4 
April Te Ser Se _8 8 22 

Total | eceeees eee 402 18 ry i. $1 16 22 22 4% 


= days per year. 


In ain to study further the power outeut available, a diagram has been 
prepared to show the moan mantle Power. outpat of the Musenston-Chippawa plant 
on the assumption that it wae in operation from the pericd from 1910 te 1921 
inolusive. This diagram ig shown on page DBE. Another diagram, im luded as 
page D-56, shows a replotting of the power output available from 1910 to 1916 
inelusive, using the synchronous ategia ef Lake trie and of Lake Ontario. ‘These 
@iagrams also show that the period of minimum power available is in the winter. — 


The Last~mentioned diagram aleo shows that the erities] drop in the power is 
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caused wy the stage at Chippawa being 60 low that to preserve the surface 

level at the Sereen House at Blevation 642.0 hhe @ischarge would have to be 

redneed below 18,200 cubic feet per second. Xt should be noted in this con — 

nostien that while the stages of the two lakes vary almost shmltanecusly, the. 

stage at the Sereen liouse varies mach. mone quickly than thet at Sens | 

therefore, when the stage at Lake Birie is high, the stage at the ‘Sereen House — 
_ is relatively higher than when the Laid rie stage |is low. he remit ts that 
z ‘the effective head on the plant at Queanston is greater during high stages of 
b ~ he, abs than during Lene etagen, even at the relative. difference ok Set wr the — 
: lekes were the same | | | 
© 

In davai analysis, C Qe; p eae of the plant under subveaital 

low water gonditions has boon studied, end the mean monthly power output avail- 


able bas ® been plotted fox 1895 and 1696, the two lowest years on records Thia 


¢ 


ores “lt inelnded as page DBS, shows a total Variation of aboat two per cotite 
in the power cautput. The minim mean monthly power catpat available would 
have been 544,900 horse~-power in March of 1896, without allowing for loss of 
head we the possible use of the gathering tubes at the intakes 


ij 
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eg _ at is not ‘unreasonable to assume that cae to peculiar end very oosasionsal 


Bt ani eee of certain metenrelagion! ‘ookltt Lone, a vrie? ohange tu the water 
stage at Chippawa might oocur and obtain for a few hours, or at moat a day, 


during which the level might be a foot or a4 foot~-oendea-half below the montily 
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ane oS, Oe 


mecne Should suah a condition be combined with Loe conditiqns demanding the 
use of the gathering tubes the loss of head might posaibly be gach that the 
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oyetlabie power qatpat for the day might be as low as 500,000 horse-power.s 
mais is on the assamption that the Sorcen House level would not be below Rle- 
vation 642.00 doing +ne id of the besten of the sa wall at the Soreen 
Honsee 


\ & Qaatoy whieh will assist in ralsing and maintaining the power output of 
the plant is the @aily pondage of reservoir oapasity of the Welland Niver and 
the Canal. ‘he total surface area of the available pond formed by the lower 
streteh of the Welland Hiver amd the Canal is on the order of ten or twelve 
million square feet or more. A draft of one foot over this ares represents a 
flow.of about 1,900 cubic feet per second over a period of three or four hours, 
iivalent LHOveuGed) pow r jet att a of 30,000 horse~power or more. ‘These 
figures are die only, and it is conceivable that the pondage extending 
as it does many miles up the Yellend iver, might yield as mich ac 50,000 horse- 


power for several hours. 

With a flow of 16,200 cubic feet per second it would appear that the 
effective head avdilable would ve usually about 299 feet. By drawing down the 
Canal and by allowing & igvel in the Yorebay of about Eievation 640.00, it is 
likely that the effective head for a peak flow of, say, 19,000 cubic feet per 
sesond would not ve less than 292 feet, representing a power output of about 

567,000 horse~powers si tend Re we | 

* it would Desk appoar reasonable. te complete the plant for ten main 
units of about the espacity of the present maghinese Under ordinary conditions, 
the more vivinnowgi, snevalios units are capable of delivering at high effieieng 


more than their rated capacity. Mine units agony characteristics similar to | 
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‘those of Units Nos. 4 and 5 would probably deliver 500,000 horse-powor, oF 
possibly 550,000 horse-power, while ten units could be called upon in low 
water periods, at a higher efficiency. The tenth unit, while normally con- 
sidered a spare unit in accordance with standard practice for a plant of more 
then five or six units, would doubtless be used for a large pert of the time 
with the other nine to inerease the normal output at a better efficiency of 
the whole plante 

Summing up the available data 1t would appear that 560,000 electrical 
horge~power delivered to the 12,000-volt bus bars, unier practically all 
conditions of opevubion, may be considered as the commercial capacity of the 


wma Foner Resekpie? 


At the presont time half of the power house is completed and five of the 
main unite are in rumning ordere Construction work ie in progress for the 
superstructure for Unit Mo. 6 and for the substructure of Units Nos, 7 md 6 ¢ 
fhe general coniition of the plant is shown clearly in the photograph included 
herewith as page D-6]1 which wis taken on April Sth, 1925, while Units Hos. le 
2, 3,and 4 were in operations A general proof of the efficiency of the units 


is the comparative ladk of motion in the tailrace water, as it is practically 


impossible to determine the amber of units in operation from an examination of 
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Photograph showing 
<a 


locking westerly from the American side of the 
Wiagare River, 


faken April 6th, 1925. 


ote: When the above photograph was 
taken Generators 1, 2, 3 and 4 
were all wider load. 
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the tail water in ‘the a photeashe 

| ‘The first of the main units was pat inte operation at ‘the beginning of 
“the yer 9R2, and sinee then four other anits have been pat into commission 
macogsaivelye The curves shown on the diagram insinded herewith as page DebS 
give the daily gatyat o of the plamt on five separate dni chosen oa “Yeandomte 
‘Whe qurves ali have the same characteristics, and they may be considered as 
representative ‘of the general daily output of the plent® at present, exaapt for 
ouesdays when the lond is + greatest, and for Sundays when the Load is Lest. 


aul on the COP y tested, and all except Roe t 


Bt 


have shown practically the nen PRRGLS Es: fhe slightly Lowest efficienay of 
Unit os 1 is undoubtedly due to the ‘faet that it hae an ordinary curved avast 
tube. end not a Hoody spreading draft tube ‘Like ‘the ot horse onl May 29th an 
official test wis made of Turbine Nos 5 to dotientind its éteiotenay caradd cupaolty 
and the other’ hydric gharagter istics of hi unite She results of this test 
have been ‘used, ia ‘he. @iseussions of couneraial capacity of tie Queenston 
Chippawa Tower Develoymente 

the ‘preparations were made daring the ade imei tately. prassting. the. ) 
srt and were contueted wader the immpdiate direction of llr, Acres and 

. Hogge Mr. tranels, anoompanted by nenlers of his matty was » present 
/ throughout the seat and witviessed an the operat ionse 

~~ generst- cross section of Unit ‘We. &, shewing the pringipal ielrios, 

is included as page D650 the diagram inoluded herewith as page D-~66 shows a 
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HYDRO-ELECTRIC POWER COMMISSION OF ONTARIO 
QUEENSTON GENERATING STATION 


K.W. LOAD REPORT—Day Ending Midnight_____.. March 29th.1923... 
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SUMMARY OF STATION RECORDS 


GENERATION BY UNITS TOTAL GENERATION 
KILOWATT HOURS K. W. TIME 
Maximum |-Minute Peak 58.000 8:23 AM. 
Total Kilowatt Hours 2 - 3 tf 0,0 OO 
Average Kilowatts 123.800 
Load Factor 78:4 ie 
(Load Factor = Ave. K.W. + I-Min. Peak) 
Service A K. W. H. 
Service B K. W. H. 


Station Capacity K. W. 


| Water J. Francis & Company. 
| COPY FOR ENCLOSURE TO Mr. J. Allan Ross. (p.64) 


General Cross Section of Unit No. 5, together with the Loeation of the Observa- 
tion Stationse In the Screen House there was a staff gauge and a head-water 
Pleat gauge to determine the elevations and variations in water levele At 


about Blevation 5509 an observation station was logated to determine the pressure 
in the penstock by means of a Gibson instruments Midway betwoen the Johnson 
valve and the turbine casing a meroury manometer was connected to the penstock, 
and at the tallrace there was a flost gauge to measure the tail water levels 
duying the teste On the governor a specinl hand-control was installed to 
actuate the pilot valvee A servomotor indicator was located at the gate open~ 


ing apparatus to determine a record gate opening. Special electrical 
measuring inetrunonts ee, & control room to measure the 
eleotrical outpate All the observation stations were inter-comected by 
telephones and signal systems so that there was immediate inter-comamieati on 
between the observerde 

411 orders were given by Adolf Aeberli, Mee, Mechanical Ingineer of the 
Hydrenlic Department, who was stationed at the govermor and control stand in 
the generator roome As A. Molaren, Chief Inspector of Power House Construction, 
was in charge of the surge gauge in the Soreen Houses NeW. Wagnor, BeAeSde, 
4ssistant Fleld Engineer, was in charge of the staff guuge in the Sereen Housee 
EB, Pickles, Designing Drafteman, was in charge of the Gibson Instrument at 
Elevation 550. J. de Traill, Ce He, Hngineer of Tests, Hydraulic Department, 
was in charge of the manometer readings and the preparation of the resultae 


Sel, MoQueen, Assistant Engineer, Hydraulic Department, was in charge of the 
servometor indicatore ©. lig Hillis, Junior Instrument Man, assisted Mr. Tratli. 
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Wade July 27th, 192%. 


Note: This photograph, illustrating the 

principal features of the installation . 

‘below the general level of the floor of 
the generator reom, was made from a 

scale drawing in which wae combined a : a 

wash drawing made by Kesers. Wm. Oramp 

and Sons Ship and ingine Eg Com | 

peny, In Ps Morris Department, to show 

the hydraulic machinery. | . 
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TRANSFORMER Room. 


HIGH TENSION SWITCHES 
HisH TENSION Bus Bars 
PENSTOCK N°5 
SCREEN HOUSE. 
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|_N | ControL Room 
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lieWe May, Junior Instrament Ven, wae in chergo of the tail water gang. 
GD, Floyd, Assistant Leborntory Engineer of the Eleotrical Department, 
HB. Baker, keter Sapervisor of The Ontario Fower Company, and Je I, Gran, 


B,AeSc., Meter Engincer of fhe Ontario Fower Company, were in charge of the 


electrical readingse J, Hapelie, Chief Operator of the power house of the 
Ontario Power Company, operated the governors 

Se le Kerr, Be Sae in Me Be, was also present throughout the test, 
representing the mumfacturers of the turbine and the governor, making his 
own observations and diagrams as the test proceeded. 

A gomprehensive idea of the observation Instruments may be gained by 
reference to page D~68 for : DY. gauge in the Soreen House, to pare 
De6? for the Gibson penstock pressure instrument at Mlevation 350, to page 
B-70 for the mercury manometer connected to the peustock at the entrance to 
turbine casing, to page D~71 for the tallrace guuge, to page D-72 for the 
hand-control on the governor, to page D-73 for servomotor indicator and to 
page D-74 for the electrical test instmasents in the control root. 


The measurement of water wig made by the Gibson method. In garrying out 
@ test by the Gibson method the unit to be tected is brought up to sppod and 
aynohronized with the other units in the plant, and load is added until the 
desired amount of load is reached. On signal from the observer at the Gibson 
penstock pressure instrument, which is the principal Gibson instrament and 
that to which reference is made in speaking of “the Gibson instrument" and 
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WALTER J. FRANCIS & COMPANY. 
Copy FOR ENCLOSURE TO Mr, J, Allan Ross. 


fo face page D688. 


Taken May 19th, 1923. 


Note: The cord passes through the floor to a 
float on the surface of the water. ‘The 
movement of the float causes a correspond~ 
ing motion of the plunger attached to the 
front of the Gibson Instrument. In the 
plunger is a narrow slot, the movement of 
Which makes an exposure on the film with- 
im the Gibson Instrument. 
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Wacter J. Francis & COMPANY. 


Copy FOR ENCLOSURE TO Mr. J, Allan Ross, 


fo face page D-69. 


faken May 19th, 1923. 


Hote: The piping and walves at the upper right 
hand side of the picture are connected to 
the penstodc. The riser pipe in the centre 
of the picture extends about fifteen feet 
above the Gibson Instrument. 
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WaLter J. Francis & COMPANY. 
Copy FOR ENCLOSURE TO NYs Je Allan Ross. 


To face page D-T0. 


a eee 


Y 


fleken May 19th, 1923. 


Note: The glass tube on the right is connected 
to the braes tube near the centre of the 
pieture so that the two points marked A 
coincides 


the Y-foot mark on the right-hand seale is 
at Blevation 267. The &—foot mark on the 
left-hand scale is at Slevation 266. 
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Watter J. Francis & COMPANY. 
Copy FOR ENCLOSURE TO Wr, J, Allan Ross. 


fo face page 0-71. 
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Copy FOR ENcLosure to Mr. J. Allan Ross, 
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WALTER J. FRANcIsS & COMPANY. 


Copy FOR ENCLOSURE TO Mr, J. Allan Poss. 


fo face page D-73. 


faken May 19th, 1923. 
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Copy FOR ENCLOSURE TO ir. J» Allan FOSS. 
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Watter J. Francis & Company. 


Copy FOR ENCLOSURE TO Mr, J, Allan Ross. { D~75} 


"the Gibson dlegrem” in the succeeding text, the operator at the turbine - 
(governor moves the pilot valve go.as to omise the governor to elose the tur~ 
bine gates completely. The unit remains in step with the other units in the 
plant, but the fiow of water to it ise ahut off entirely,.and its load ie 
-pleked up. by the other unite. toppage of the flow of water causes a rise in 
“pressure in the penstock, a graph of which, with respect to time, is made by 
the Gibson instrument. From thie graph ie determined the amount of water flow 
ing in the penstock at the instant at which the turbine gates began to close. 
Observations of head and power are made aleo at the instant et which the shat 


down of. the turbine gates conmmences.. 


COP. 


"Head Water. The staff gauge in the Sereen House was reed innediately 
vefore shat down, during abut down when the upward eurge of the water surface 
-reaghed ite maxim 


and about two minates later when the marge in the Soreen 
Eouse had died ont. The float gauge with a Gibson instrument attached to 
facilitate recording was used t¢ draw a graph of th variations in water level 
‘im the. Sereen House during the period of ehut down and for a few seconds there- 
after, worening in all a period of thirty or forty seconds. This graph is used 


to correst ‘the Gideon stagren on the remem, wrpamyre inetrumat. 


ree Maras é z. rads Feit 


> Swrbine Cagine Preamyes. The mercury manometer, connected to the pen- 
» etoek about midwmmy of the length of the ten-foot pipe between the Johnson 
valve and the turbine easing, is joined thereto by four connections equally 

/ spaced on the ciroumference of the penstock.e the manometur is about twenty- 


, three feet in height, with a short length of glass tubing on the pressure side 
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Watter J. Francis & COMPANY. 
COPY FOR ENCLOSURE TO Mrs J. Allan Ross. (D768) 


at the lower end, and om the atmospherics side at the upper end whieh is open 

te the air. the relations to elevations are given on the facing page of the 
photograph of the manometer on page D~70. - 

~ oo Readluge were taken of the level of the mereury columm in each of the 
giase tubes immediately before load was thrown off the unit, and again about 
two minutes later when the oscillation of the mereury column had ceased and — 
the surges had dled out in the Screen House. This latter reading was coincident 
with the third reading taken on the staff gauge in the Sereen House, and also 
with whet is known as the final static reading on the Gibson diagram. the final 


SEY specific gravity of the mercury 


aL) Unter, Be float zenge measuring tail water levels wae situated in 


reading of the manometer ie pee 
and to cheek the first r —— © 


a 5 stilling » box in « one of the stop-log cheoks in the central por of the teil 
“naa of Unit Bee Ba Resdives Were ‘eaten on this gauge at intervais of fifteen 
seconds for s period of about two mimites, starting about one minute before the 


Yes Oke - mite Te Gibson Anctrunent for measuring the ae i 


pressare ‘and the ai sonarge of the watt was set up and calibrated on May 19th, 
1925, on renined undi starved after the calibration until the test coumensed. | 
he marge guage ia nie fereen House provided the information with which to 
dg earn olen Giagram in regard to the variations in the head water level 
sm the serie’ — which load was thrown off the unit, The two diagrams were 
synchronized by marking the surge diagram on signal from the Gibson instrum nt 


at the instant at which the stat down comeenced. 
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WaLTER J. FRANcis & Company. 
Copy FoR ENCLosuRE TO Mre J, Allan Foss, (D~77) 


Ag the Gideon alagram records only the amount of water shut off in the 
penstock, and as, with the turbine gates tightly amt, there is still & enall 
leakage through ‘the gates, it was ‘Reosesary te make a leakage test with the 
mates Closed. #his leakage test was carried through on the morning of May 19th, 
by closing the head-gates in the Sereen Fouse and observing the time the weter 
surface in the peneteck sabsided from level to level. After a period of about 
an hour the Johnson valve in the penstock vas olosed, and the time required for 
the water surface to rise as e reeult of the leakage through the head-gates was 
aiso observed. thie latter Leakage anounted to about one oubie foot only per 


second, and the whole turbing a lepkasp yas found to be 17.4 ctibic feet per 


second with the water surf in nh House at Elevation 560.00. 

“An Inspection of the turbine was made before opening the Johneon valve, the 
manhole cover having been removed from the pensteck between the valve and the | 
turbine acl co mn fhe Johnson valve was watertight when closed. 

wr “Gate Operation. 2 The peryomotor indicator used to obtain & record of the 
gato opening mak ee aa Gagren on which the ordinate ie time and the abs¢issa is 
gate opening on the servomotor scale. ‘The alagram provides an accurate measure- 
ment of the gate opening at the time of shut down, and it also records the time 
during wateb the ‘oa was rejected in each test, this checking the corresponding 


ime on the Gideon dlegram, 


“° Three independent readings of the generator output were made, and the 


average has been accepted as the power output. 
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Results of Test. 


ee tables, ina luded heron th as pages Dero, D798 and P80, give the 
results of the teube. Bight diagrams, ‘Aneluded herewith as pages D-81 to D-08 
“Hive the same informtion in graphic form, The diagrams are as follows: 


Le Power iia Diseharge Relation (¥eW. } GH SREB EHD ABA Dei 2 
Be » Power ~ Disoharge Relation {iets ) Beeecsbevaweses DBZ | 
S. Hydraulic BLPLOLEMAY 22. ccereencerseeoraneesaenes LHGS 
be Yower ~ Gate Relation Coe ede me dreosscesevisebeose TGS 
5. Discharge ~ Gate Relation cescsccsesccvesessossesas DHSS 
be Bydraalic Effielienoy - Gate Relation «sssecassses THB6 
7, Hydraulic Uffielensy - Norse~power Relation ..++. D-87 


8. Piret ~—e CrP enperiarss Relation .. D688 
In all Gases the resulte have been reduced bed a uniform head of S05 feot. the 
first goven of the diagrams are those regularly made in accordance with ‘(standard 
praotios for tests of Large turbines. the eighth diagram, ino luded ms “page Im88 , 
entitled “First Derivative of Power ~ DLecharge Relation” ig the grephio rep- 
resentation of an original idea evolved by the suathoarn ef the Hydro -Klectria 
| Power Comm ssion, and has not hitherto been applied to the test records of 
hydrenlte turbines, It is of great value in determining the proper gate design 
of ‘any pertioular turbine as it shows the pot in power for eash cubic foot of 
water added to ‘the flow. ‘It will be noted that for all ‘ingrenents of hee 
through Turbine Mo. 5, between the rates of 209 and 1,200 euble feet per eeoond 
| the gain in power is 34.6 horse-power for each additional euble foot of ‘water 
per ‘gooond. “peyond the rate of 1,200 cubic ‘feet per sosendy= that yr beyond 


the point marked mA" on the Bheciieisis% - this rate of gain in power decrennes in 
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nea.for Turbine Cutmt, Parbin ise DELLS fark ine Efficier 
(based on Turbine Tests, May 20th, 1928, 
and Generator Tests, duly 16th and 2let, 1923) 
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; ased pg oF Saree note ies. a 
_» 4nd Generator Teste, July 16th and 2lst, 1933) 


Equivalent | Correstion 
test Turbine Tarbine § for Velocity Corrected Gate 
~ Run Rate Discharge Efficiency Head at... Tarbine pening 
506 Feet Head 306 Feet Feud. Draft Tuve Efficiency Per. Gent. 


a ort se “CaS. de Cane 2c aet: Per Conte” 
ae eee eX 876 001” O77 1.006 
oie 2,056 2893 » 0001 0894 912 
3. 1,902 9910 001 912 .910 
4. 1,726 Cc 4) Pp ag +002 929 2704 
5. 1,552 2926 001 2927 0616 
6. 1,840 2917 001 918 +£09 
Ton 14066 0942 - 0942 0412 
8. 628 2835 - 0835 2810 
9 1,497 «920 - 920 0465 
10. 1,564 » 9929 2001 2930 +524 
a 1,629 o, 0981 2001 0952 +606 
12., 1,609 +920 +001 0922 +644 
15. 1,606 +928 +001 0929 +642 
14 1,380 +929 +003 2930 +639 
15 1,468 2942 002 2943 «583 
16 1,838 2952 2001 6938 .784 
17 2,007 902 2001 2208 2876 
18 095 2877 - 2877 +340 
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the manner shown by the Carve. ORs 

“vos fhe point marked "5" om the various curves is that of the maximm effi-~- 
elensy of the unit, 93.1 per cent.» which oceure with a diecherge of 1,550 
@udic feet per sooond, equivalent tos power output of about 49,300 horse-. 
power, It will be noted that ‘between four-tenthe of full gate opening and 
nine-tenths of full gete opening the efficiency of the tirbine te over 90 per 


’ Betwoon ty rt nan Ou) aVertes of tents was made on Generator 


Io. 4 and its exoiter hee the cleanness plant te doternine the effie 
heney ahd the ether Ghastetertaties of the unit. The tests of the generator 
and exeiter were witnessed by Hrs ranean ts by Ur. J. Kynoch, Chief Suginesr, 
Canadian @ General Bleotric Companys and vy Mr Be Le Sarns, BeSts, Designing 
en raped Canadien General Meotric Company My, Acres wae also present during 
ext of the tests, waien | were under tne charge of Ge De Floyd and D. Be Ploming, 
Acstotant 5 ingineers of the Aeotrieal ‘sugineering and Laboratories Department 
of See, Hydre—Blectric Pover Comission of ontario. A staff of qualified engin- 
Pa fo was used for resording and caloulating ‘be various phenomena and results. 
"ests for the moagirenent of core lene, windage and frietion were made by 
“dlecomsoting 6 Generator Hos 5 fron its turbine and driving it as a gynohronous 
wter w moans of Unit Nos : wt the yeuslte noted wy means of the input 
method and the deceioration methods | Se es 
"gests were made to determine the efficiency of the generator, both exclusive 
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and iRGlusive of the exeiter losses, the — in the exciter being obtained | 
‘from the records of the tests at the factory. Determinations of the losees in. 
armature [eeprer and field copper were Alec made by the resistence method, and 

the stray leases computed, Calculations were made for various power fastors 
and pérogntages of iead for two different’ temperature ‘ond tions. The open 
eirouit taturation curve, the short eireuit, impedance for three phases, for 

| staglo-phase between terminals, and for singi e=phues t6 neutral, the zero 

pomer fagtor saturation ourve for half load and for full losd, and the regule- 
tion of the machine, were also determined. 
‘a. heat run with the at about 56,000 kilowatts and at 
its wechnd power factor motel = oY: the quantity of air required for 
eeoling was also measured, A heat run was also taken for the londed exeiter 
whe. 93 | 

The above tests on Suhenaser No. B are all that have been pragticable te 
earry out up to the weseunt time, and they include all tests necessary in 
relation to the test of Turbine No. 5, in conjunction with which they have becn 
used. snnlyaie of the vewiite obtained show: that the unit meets the guarantecs 
of the walkers on ail points eovered by the tests eo far made, The tests remain- 
ing to be made-are those for overspecd, sudden short Siroukt, oecillograms and _ 
analysis of wave forn, ond a high watantiniokeat at 80,000 volts. 

As the efficiency of the generator is the prineipsl electrical item affect- 


ing the power output, we have prepared a diagram; tusluded s8 page P-31, on 


which are plotted curves representing the efficiency of Generator Ho. 6 at 90 
degrees Centigrade temperature of the stator windings and including the oxsiter 
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| losees, for power factors of 60 per cent., 90 per cent. and 100 per cent. the 
base line of the diagram represents the percentage of load in kilovolt~amperes, 
It will be noted that the efficieney of the generator at full ioad and 100 per 
cent. power factor is slightiy over 98 per eent., while at 80 per cent. power 
factor the full load efficiency is about 97.4 per sent, 

dadging by the operation of the other four generators in the Porer Houge, 
and by guch tests as have been made upon them, it would appear that the charac- 
teristics of all five units are quite similer and thet there ia little practiesl 
difference amongst them. ‘The teats of Generator Mo. 5 may therefore be taken 


Ce 


as indicative of the average to be py for the full development. 
By combining the VENT Heald De On 


those of Turbine No. 5, the overall efficiency of Umit Ho. 5 can be obtained 


Y the generator and the exciter with 


for any percentage of output and for any power factor. 


The results show that over a wide range of output the Cueenston-Chippaw 


power plant may be operated eo as to give over 90 per cent. efficiency from the 
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Forebay to the Tailrace, including ali hydraulic, mechanisal and electrical 
losses up to the 12,000-velt bus bars in the generating station. Based on this 
data and all other data available, 1¢ would appear that 650,000 olvetrical horse- 


EP eS 


power delivered to the 12,000-volt bus bars may be considered ae the commereial 


capacity of the Cueenston-Chippawa Power Development. 


- 


f Congalting Engineer. 
Toronto, July 30th, 1923. 
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